Phytochemical analysis of the leaves of Garcinia rubro-echinata Kosterm., an endemic species to the Western Ghats, India yielded the triterpenoid friedelin (1),the flavonoids naringenin (2), apigenin (3) and (-)-epicatechin (7), the biflavonoids podocarpusflavone A (5) and amentoflavone (6), and the dihydrochalcone phloretin (4) and phloretin-4'-O-β-D-glycoside (8). The compounds 4 and 8 were isolated from the genus Garcinia for the first time. Validated HPTLC estimation showed 0.21% amentoflavone and 0.18% friedelin in the plant. Cytotoxicity of the leaf extract and the compounds 5 and 6 against human hepatocarcinoma (Hep G2) and rat cardiomyocyte (H9C2) cells, evaluated by MTT assay, showed potential cytotoxicity for compound 5. This is the first report of the phytochemical and bio-activity studies of G. rubro-echinata.
The genus Garcinia (family: Clusiaceae) is represented by nearly 250 species in the pantropical region and 44 species are reported in India [1, 2] . A recent review revealed that out of the Garcinia species reported, 120 had been investigated for their chemical constituents and a rich source of structurally diverse secondary metabolites had been found, such as biflavonoids, xanthones, benzophenones, flavonoids, biphenyls, acyl phloroglucinols, depsidones and terpenoids [3] . Potential pharmacological activities have also been reported for Garcinia species and isolated compounds, including anticancer, anti-obesity, antifungal, antiinflammatory, anti-HIV, antidepressant and diuretic properties [4] [5] [6] . In addition, the genus Garcinia is well known in the cosmetic, food, pharmaceutical, nutraceutical and paint industries for value added products such as essential oils, fats, resins and colouring materials [3, 6] .
The Western Ghats, one of the hotspots of biodiversity in India, hosts ten Garcinia species of which eight are endemic to the region [2] . G.rubro-echinata is an endemic species of the Southern Western Ghats of South India [7] . The present study reports the isolation, characterization and estimation of major constituents of G. rubro-echinata leaves. The cytotoxic activities of the extracts and the major biflavonoids were also evaluated.
Powdered G. rubro-echinata leaves were extracted with n-hexane followed by methanol. Column chromatography of the hexane extract yielded the triterpenoid friedelin (1), and of the methanol extract the flavanone naringenin (2), the flavone apigenin (3), the flavanol (-)-epicatechin (7), the dihydrochalcones phloretin (4) and phloretin-4'-O-β-D-glycoside (8) , along with the biflavonoids podocarpusflavone A (5) and amentoflavone (6) ( Figure S1 ). The structures of the compounds were confirmed by NMR, MS and comparison with literature spectral data [8] [9] [10] [11] .
Distribution of biflavonoids is limited to some plant groups, especially in the primitive orders and, according to Geiger and Quinn [ [4] [5] [6] [7] [8] [9] [10] [11] [12] , angiosperms lost the capacity to biosynthesize biflavonoids in the course of evolution, but it was retained by selected families. The genus Garcinia is a rich source of biflavonoids and out of the species studied for their secondary metabolites, biflavonoids were reported from 45 species [3] . The biflavonoid linkage has a significant role in systematics of Garcinia species [13] . The I(3)-II (8) linkage is the most prevalent inter linkage in Garcinia biflavonoids, while it is interesting to note that the biflavonoids in G. rubro-echinata (5 and 6) were I(3′)-II(8) linked biflavones [14] . Phloretin (4) and phloretin-4'-O-β-D-glycoside (8) have not yet been reported from any of the Garcinia species studied. Phloretin, belonging to the dihydrochalcone class (C 6 -C 3 -C 6 skeleton), is primarily found in apples, pears and other succulent fruits [15] . The presence of compounds 5, 6, 4 and 8 ( Figure 1) as characteristic compounds in G. rubro-echinata may be helpful in chemotaxonomic classifications of Garcinia species.
HPTLC estimation of amentoflavone and friedelin was performed on a CAMAG HPTLC system. The solvent system chloroform: methanol (9:1 v/v) gave a compact peak for amentoflavone in the extract with an R f value of 0.23, while n-hexane:chloroform Amentoflavone and friedelin were present in 0.21±0.02% and 0.18±0.02% of the dry weight leaf powder, respectively. LOD and LOQ were determined to be 48.2 ng/spot and 145.9 ng/spot, respectively for amentoflavone and 47.3 ng/spot and 143.3 ng/spot, respectively for friedelin. The proposed HPTLC method was found to be simple and sensitive for the analysis of the reported compounds.
The cytotoxic effect on both H9C2 and Hep G2 cells of the major biflavonoids 5 and 6 and the leaf methanol extract were evaluated by MTT assay.G. rubro-echinata leaf methanol extract and 5 and 6 at different concentrations (1-10 µM), treated for 24 hours showed no cell viability inhibition in either Hep G2 or H9C2 cell lines (Figure 2) . Compound 6 at 50 and 100 μM concentrations reduced the percentage viability of both cell lines and the leaf extract exhibited a significant inhibition of cell viability at a concentration of 100 μg. Compound 6 at 50 and 100 μM concentrations reduced the percentage viability of both cell lines and the leaf extract exhibited a significant inhibition of cell viability at a concentration of 100 μg. Compound 5 exhibited toxicity at 100 µM in the case of Hep G2, and 50 and 100 µM in H9C2. Amentoflavone and podocarpusflavone A have been reported to exhibit cytotoxicity against various cell lines [16] [17] [18] [19] [20] . Podocarpusflavone A (5) is the 4'''-O-methyl derivative of amentoflavone (6) , and the structure activity relationship suggested that the 'OMe' groups in biflavonoids play a pivotal role in mediating cytotoxicity [18] . This is the first report of the phytochemical and bio-activity studies of G. rubro-echinata. Eight compounds belonging to flavonoids, chalcones, biflavonoids and triterpenoids were isolated and characterized from the plant and the major compounds were estimated using a validated HPTLC method. The dihydrochalcones phloretin (4) and phloretin-4'-O-β-D-glycoside (8) were isolated from the genus Garcinia for the first time. Cytotoxicity assays showed remarkable activity for podocarpusflavone A (5) against both Hep G2 and H9C2 cells.
Experimental
General experimental procedures: UV spectra were recorded on a Shimadzu spectrophotometer-UV 1800, IR spectra on a Bruker FT-IR spectrometer, and 1 H and 13 C NMR spectra on a Bruker-Avance AMX 500 MHz FT-NMR spectrometer operating at 500 MHz for 1 H NMR and 125 MHz for 13 C NMR. Mass spectra were recorded using ESI/HRMS at 60,000 resolution using a Thermo Scientific Exactive Mass Spectrometer. 
Extraction and isolation of chemical constituents:
Dried leaf powder (500g) was extracted using a Soxhlet apparatus with n-hexane, followed by methanol for 24 h. Removal of the solvent in vacuo yielded 16g of hexane extract and 87g of methanol extract. The hexane extract was fractionated into major fractions using silica gel (60-120mesh) column chromatography (CC) (gradient elution of hexane:chloroform). Washing the precipitate obtained from the hexane extract fraction with acetone yielded compound 1 (480mg). The methanol extract was subjected to silica gel (60-120 mesh) CC with a linear gradient of light petroleum:ethyl acetate: methanol to yield 5 fractions. CC of fraction 1 on silica gel (100-200mesh) using chloroform:ethyl acetate (92:8) elution yielded compound 2 (50mg). HPTLC estimation: G. rubro-echinata leaf extract and the standard amentoflavone were spotted in the form of bands of width 7 mm and 10 mm apart with a Camag microliter syringe on a precoated silica gel aluminumplate 60 F 254 having 10 cm × 10 cm dimensions (E. Merck, Germany) using a Camag Linomat IV sample applicator (Switzerland). The plate was developed in a previously saturated 10 cm × 10 cm twin-trough glass chamber (Camag, Muttenz, Switzerland) at room temperature. Initially different mobile phase compositions were used for chromatogram development. The best resolution was observed with chloroform: methanol (9:1 v/v) for amentoflavone and n-hexane:chloroform (6:4) for friedelin. After chromatographic development, the peak areas of the bands were scanned at 366 nm for amentoflavone and 580 nm for friedelin densitometrically using a Camag TLC scanner 3 and the data were analyzed using WinCATS software version 1.4.4. Quantification of the compounds was made from the calibration curve. The linearity was tested at different concentration levels of the standards. The sensitivity of the method was determined with respect to limit of detection (LOD) and limit of quantification (LOQ). Limits of detection (LOD) of standards were calculated as 3.3σ/S while LOQ as 10σ/S, where σ is the standard deviation of the area of standard compounds and S is the slope of the calibration plot [21] .
Cell culture and maintenance: Human hepatocarcinoma cell line Hep G2 and mouse cardiomyocytes H9C2 cell line were purchased from American Type Cell Culture (ATCC, Manassas, USA). The cells were maintained in DMEM supplemented with 10% FBS and 1.0% antibiotic/antimycotic solution (10,000 U/mL penicillin G, 10 mg/mL streptomycin, 25 mg/mL amphotericin B), and kept at 37˚C in a humidified atmosphere of 5% CO 2 . Cells were grown to 70% confluence and then incubated for 24 h before treatment.
Cell viability assay: Cytotoxicity of 5, 6 and leaf extract in H9C2 and Hep G2 cells were measured by means of MTT assay, as described by Quan et al. [22] , with slight modifications. Briefly, cells in exponential growth phase were seeded at a density of 1 x 10 4 cells per well in 96 well plates and incubated in culture 
